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Figure 1: Illustration of two challenging real-world TTA scenarios. Different colors indicate the proportions of

semantic classes, horizontal axis indicates testing data domain (e.g. different corruptions) may shift over time

and different imbalance factor (/.F.) controls the degree of global imbalance. We expect the testing data stream

to exhibit both local and global class imbalance, termed as “class distribution is fixed (GLI-TTA-F)” and this
distribution may also evolve over time, termed as “class distribution is varying (GLI-TTA-V)”.
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Figure 2: An illustration of the proposed real-world TTA simulation protocol with a hierarchical probabilistic
model. A non-uniform « results in globally imbalanced testing data distribution.
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Figure 3: Illustration of the proposed method. We replace the Batchnorm layer of the source model with
our proposed Balanced Batchnorm for imbalanced testing set. During test time adaptation, we optimize the
combination of self-training loss L5, and anchor loss Lgne.
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Method Fixed Global Class Distribution (GLI-TTA-F)

LiF=1 | T. =10 | I.F. =100 | LE. = 200
TEST 43.50/43.50 42.64 /43.79 41.71/43.63 41.69 /43.47
BN [29] 75.20/75.20 70.77 1 66.77 70.00 / 50.72 70.13/47.34
PL [21] 82.90/ 82.90 72.43 /70.59 70.09 / 55.29 70.38 / 49.86
TENT [40] 86.00 / 86.00 78.15/74.90 71.10/ 58.59 69.15/53.37
LAME (2] 39.50/39.50 38.45/40.07 37.48 /1 41.80 37.52/42.59
COTTA [43] 83.20/ 83.20 73.64/71.48 71.32/56.44 70.78 / 49.98
NOTE [10] 31.10/31.10 36.79 / 30.22 42.59 /1 30.75 45.45/31.17
TTAC [33] 23.01/23.01 31.20/29.11 43.40/37.37 46.27 / 38.75
PETAL [3] 81.05/81.05 73.97/71.64 71.14/56.11 71.05/50.57
RoTTA [46] 25.20/25.20 27.41 /26.31 30.50/29.08 32.45/30.04
TRIBE | 16.14 6561 16.14 650 | 20.98(:4.4/22.49¢ 352 | 19.53¢:1097/24.66(-1.42) | 19.16¢:15.29)/24.00¢:4.04)
Metticd Time-Varying Global Class Distribution (GLI-TTA-V)

L ="] | =10 | [.F. =100 | I.F. =200
TEST 43.50/43.50 41.95/43.65 40.74 /1 43.83 40.53/43.77
BN [2§] 75.20/75.20 71.36 /67.70 70.35/53.07 70.88 / 50.67
PL [21] 82.90/ 82.90 74.74 1 72.12 73.03/571.53 72.49 /1 54.20
TENT [40] 86.00 / 86.00 77.69 /74.23 72.99 / 58.65 73.45/ 54.96
LAME [Z] 39.50/39.50 38.02/40.15 36.51/42.16 36.24 /42.16
COTTA [43] 83.20/ 83.20 75.29/71.87 73.83/56.80 74.97 ] 56.47
NOTE [14] 31.10/31.10 29.52/29.23 30.02/29.88 29.71/30.28
TTAC [33] 23.01/23.01 32.25/32.12 36.84/37.13 37.96 / 38.07
PETAL |3] 81.05/81.05 75.19/71.65 727115573 73.76 /1 53.51
RoTTA [44] 25.20/25.20 27.61/26.35 32.16/29.32 33.34/31.35
TRIBE | 16.14c56)716.14 - 50) | 20.92:5.697/22.40¢: 399 | 22.44:759125.500:3.52) | 23.10¢:661)/27.03¢:3.29
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Time 1
&> Y s N & & & X X & & & \%o
Method &0'0 S o N be;}o"" 00@ & .0'(5006\ %o’" 55‘:» Q}‘z‘;" af%%\ Q“@‘b ; \Qﬁ% ®Q Avg.
TEST 85.15 8345 7588 97.09 81.68 9452 7793 41.23 77.07 8248 89.73 97.81 79.31 68.50 98.17 82.00
BN [2d] 73.64 66.07 5281 8449 8505 82.66 6196 36.04 68.60 5644 8485 85.31 5229 60.77 85.05 69.07
PL [21] 66.55 6043 4946 7657 79.23 81.04 65.35 51.48 75.62 69.74 89.04 92.36 86.84 9209 97.83 75.58
TENT [40) 64.37 59.73 5120 7747 81.70 88.72 82.38 76.91 93.64 9543 98.80 98.98 98.39 98.90 99.40 84.40
LAME [2] 8593 8457 7729 9747 8192 9472 7841 41.49 77.67 84.07 90.25 98.21 79.61 68.64 98.76 82.60
EATA [29] 73.15 6541 5251 8427 8509 8285 61.52 35.15 68.26 56.30 8443 8495 51.63 60.85 85.05 68.76
NOTE [#9] 8297 78.29 7343 9392 9635 89.73 93.18 84.57 92.82 9454 98.50 98.88 98.17 97.55 98.78 91.44
ROTTA [46] | 7486 70.02 5526 8555 8537 7861 61.00 34.31 64.65 5283 76.16 8543 48.70 5241 7837 66.90
TRIBE | 69.52 59.55 4835 7927 7847 7554 56.62 35.19 6039 49.26 74.54 74.10 50.08 51.24 7259 | 62.32¢:sm
Method | EMA Model  BatchNorm  Self-Training  Anchored Loss | CIFAR10-C  CIFAR100-C | Avg.
TEST - BN -~ - 41.71/43.63 47.53/45.91 | 44.62/44.77
ROTTA [46] v Robust BN v - 30.50/29.08 45.68/42.04 | 38.09/35.56
- - Robust BN - = 43.48/32.29 40.45/36.94 | 41.97/34.62
- i Balanced BN - - 29.00/26.38 39.55/36.59 | 34.28/31.49
- - BN v - 37.67/38.94 37.12/44.77 | 37.40/41.86
- - Balanced BN v - 36.58/65.88 37.21/44.83 | 36.90/55.36
- - BN v v 36.76/29.19 36.16/36.26 | 36.46/32.73
MT#* v Balanced BN v - 23.76/25.18 36.01/35.72 | 29.89/30.45
TRIBE | - Balanced BN v v 19.53/24.66 32.31/34.98 | 25.92/29.82
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Figure 4: Performances on each individual domain (corruption) under GLI-TTA protocols on CIFAR10-C
dataset.
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